Abstract: The application of interval partial least squares (IPLS) and moving window partial least squares (MWPLS) for the enantiomeric analysis of tryptophan (Trp) was investigated. A UV-Vis spectroscopic method for determining the enantiomeric composition of Trp was developed. The calibration model was built using partial least squares (PLS), IPLS and MWPLS, respectively. Leave-one-out cross validation and external test validation were used to assess the prediction performance of the established models. The validation result demonstrated the established full-spectrum PLS model is impractical for quantifying the relationship between the spectral data and enantiomeric composition of L-Trp. On the contrary, the developed IPLS and MWPLS models are both practicable for modeling this relationship. For the IPLS model, the root mean square relative error (RMSRE) values of the external test validation and leave-one-out cross validation were 4.03 and 6.50, respectively. For the MWPLS model, the RMSRE values of the external test validation and leave--one-out cross validation were 2.93 and 4.73, respectively. Obviously, the prediction accuracy of the MWPLS model was higher than that of the IPLS model. It was demonstrated that UV-Vis spectroscopy combined with MWPLS is a commendable method for determining the enantiomeric composition of Trp. MWPLS was superior to IPLS for selecting the spectral region in the UV-Vis spectroscopy analysis.
INTRODUCTION
Enantiomeric pure products are required in various fields because enantiomers may show great differences in their chemical and biological reactions. 1 present, determining the enantiomeric composition of chiral compounds has gained much attention.
Spectroscopic methods, including UV-Vis, 3-9 NIR 10,11 and fluorescence [12] [13] [14] have been successfully used to determine the enantiomeric composition of chiral compounds. It was shown that a quantitative relationship between the enantiomeric composition and the spectra of chiral compounds exist. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Multivariable calibration methods are required to reveal this relationship. The partial least squares (PLS) method was usually used to develop the calibration model. The models reported in these studies were all full-spectrum PLS models, which were developed using the whole spectrum as the independent variable. However, a spectrum often contains spectral regions related to non-modeled information originating from unwanted constituents, background variations, random interferences and interactions. These spectral regions may degrade the calibration model and should not be used in model building. [15] [16] [17] Thus, selection of the spectral region is often required in multi-component spectroscopic analysis in order to eliminate the influence of non-modeled spectral regions and build well-fitted calibration models. [17] [18] [19] [20] [21] Many studies have shown that spectral region selection can lead to significant improvement of the prediction performance over full-spectrum calibration models. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] It seems spectral region selection could improve the accuracy of the calibration model when spectroscopic methods are used to determine the enantiomeric composition of chiral compounds. However, spectral region selection has not hitherto been applied to the spectroscopic determination of enantiomeric composition. Interval partial least squares (IPLS) and moving window partial least squares (MWPLS) are two local modeling methods which have been commonly used to select spectral regions in spectroscopy analysis. [16] [17] [18] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Tryptophan (Trp) is an essential amino acid for humans. The biological function of L-Trp is quite different from D-Trp. Thus, a method for the enantiomeric determination of Trp is desirable. Therefore, in the present study, IPLS and MWPLS were applied to the determination of the enantiomeric composition of Trp. UV-Vis spectroscopy was used to measure the spectra of Trp enantiomers. An IPLS model and a MWPLS model were developed and investigated.
EXPERIMENTAL

Reagents
L-Trp and D-Trp (enantiomeric pure) were purchased from Sigma-Aldrich Co. LLC (USA). Bovine serum albumin (BSA, fraction V) was purchased from Sino-American Biotechnology Co. (Shanghai, China). Water from a Milli-Q synthesis A10 system (Merck Group, Germany) was used to prepare the samples.
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Spectra
The UV-Vis spectra of the prepared samples were collected with an Agilent 8453 UV--visible spectrophotometer (Agilent, U.S.A.) over the wavelength range from 190 nm to 789 nm. Quartz cells of 1.0 cm path length were used. All the spectra were blank corrected.
Data and software
The root mean square relative error (RMSRE) was employed to assess the prediction performance of the obtained models. It is defined as:
where RE i denotes the relative error of prediction for the i th sample and n is the number of samples.
PLS toolbox 5.5 (Eigenvector Research Inc., U.S.A.) was used to perform PLS. IPLS and MWPLS were conducted using iToolbox (programmed by Prof. Nørgaard, KVL, Denmark; shared at http://www.models.kvl.dk/iToolbox). The independent variable matrix (X matrix) of PLS, IPLS and MWPLS was generated by assembling the spectral data of each sample as a row vector. The dependent variable (Y matrix) of each model is composed by the mol fraction of L-Trp. The X and Y matrix were mean-centered in the procedure of PLS, IPLS and MWPLS. Table I . In the prepared samples, BSA formed two different guest-host complexes with the enantiomers of Trp. The complex formed from L-Trp is diastereomeric to the complex formed from D-Trp. Hence, the two complexes were different in their UV-Vis spectra, as shown in Fig. 1 . Correspondingly, the twenty prepared samples should differ in their UV-Vis spectra because they differ in their enantiomeric composition. The UV-Vis spectra of the twenty samples are shown in Fig. 2 , from which the slight differences could be seen. These spectral differences are actually related to the enantiomeric composition of Trp. However, the differences are so small that a quantitative relationship between the spectra and the enantiomeric composition of Trp could not be modeled using the classical least squares method. Thus, PLS, IPLS and MWPLS were used to build calibration models between the spectral data and the enantiomeric composition of Trp.
RESULTS AND DISCUSSION
Spectra of the samples
Full-spectrum PLS model
PLS was used to build the calibration model between the UV-Vis spectra and the mol fraction of L-Trp. The spectral data of the whole wavelength range and the mol fraction of L-Trp were used as independent variable and dependent Table I ). Inset: spectra from 300 to 324 nm.
First, the external test validation was performed. The PLS model was generated by using Group I as the calibration set. The obtained model contained four latent variables. Group II was used as the external test set. The mole fraction of L-Trp of the 5 samples in Group II was predicted using the obtained PLS model. The prediction result is listed in Table I . For the 5 samples, the prediction RMSRE was 101.77. Subsequently, the leave-one-out cross validation was performed. The mole fraction of L-Trp in Group I was predicted in turn. The used PLS model still included four latent variables. The prediction result is listed in Table I . For the 15 samples, the RMSRE of prediction reached 114.48. It could be seen from Table I that the predicted mole fractions were not in agreement with the actual values. In particular, the prediction results for samples 3, 4 and 14 were completely unreasonable. The results of the two validations demonstrate the full-spectrum PLS model could not model a quantitative relationship between the spectral data and the mole fraction of L-Trp. Some regions in the spectra may contain non-modeled information and should therefore, be excluded from the model. Thus, spectral region selection should be helpful in the building of a reasonable calibration model. Table I . The RMSRE of the prediction was 4.03 for the five samples.
In the leave-one-out cross validation, the used IPLS model was again developed using the spectral data for 286−317 nm and it included seven latent variables. The prediction results are presented in Table I . The RMSRE of this prediction was 6.50 for the 15 samples. As shown in Table I , the predicted mole fractions were almost in agreement with the actual values, which showed that IPLS was practicable for modeling the quantitative relationship between the spectral data and the mol fraction of L-Trp. Obviously, selection of the spectral region is a crucial step to build a feasible calibration model. IPLS was superior to PLS for building the calibration model, because it involves the procedure for the selection of the spectral region.
Although the obtained IPLS model was acceptable, it was still worthwhile to search for a better calibration model because the prediction error of samples 5 was somewhat large. IPLS can only divide the spectrum into a series of equidistant intervals at certain positions. The spectral intervals built by IPLS may still contain non-modeled information and so was not the best region for building the model. If a more informative spectral region could be found to build the model, a better calibration model should be obtained.
MWPLS model
MWPLS finds the optimal spectral region by moving the window through the total spectral range. It can inspect more potential spectral regions than IPLS. Thus, a MWPLS model was developed in order to improve the obtained calibration model.
The prediction performance of the obtained MWPLS model was still assessed by external test validation and leave-one-out cross validation. In the external test validation, Group I was used as the calibration set to build the model. The window size was set to 31 nm. The results of MWPLS are illustrated in Fig. 4 . In terms of the RMSECV, the optimal calibration model was the local model built at the position 306 nm, i.e., the established MWPLS model was actually the local PLS model developed from the spectral region 291−321 nm. This model includes five latent variables. The mol fraction of L-Trp of Group II was then predicted using this model. The results are listed in Table I . The RMSRE of the prediction was 2.93 for the five samples. In the leave-one-out cross validation, the used MWPLS model was also developed from the spectral region of 291−321 nm and it included five latent variables. The prediction results are presented in Table I . For the 15 samples, the RMSRE of the prediction was 4.73. As shown in Table I , the predicted mol fractions were in good agreement with the actual values.
The results presented above demonstrate MWPLS to be a practicable method for modeling the quantitative relationship between the spectral data and the mol fraction of L-Trp. As expected, the prediction accuracy of the obtained MWPLS model was higher than that of the IPLS model. It was shown that using MWPLS was better than using IPLS for the determination of the mol fraction of L-Trp. MWPLS is a more promising method for analyzing UV-Vis spectrum. Obviously, using the MWPLS selected spectral region instead of the IPLS selected spectral region as the independent variables substantially improved the prediction accuracy of the calibration model. It was demonstrated that the selection of the 
CONCLUSIONS
A UV-Vis spectroscopic method for the determination of the enantiomeric composition of Trp was developed. The result of external test validation and leave-one-out cross validation demonstrated that both IPLS and MWPLS are practicable for modeling the quantitative relationship between the spectral data and the mol fraction of L-Trp. On the contrary, full-spectrum PLS is unable to model this relationship. It was shown that the selection of the spectral region is an indispensable step to determine the enatiomeric composition of Trp by UV--Vis spectroscopy.
The MWPLS model showed higher prediction accuracy compared with the IPLS model. It was demonstrated that a more suitable spectral region for building the calibration model was found by MWPLS, leading to the establishment of a better calibration model. Obviously, MWPLS was better than IPLS for determining the enatiomeric composition of Trp. Since the results of PLS, IPLS and MWPLS were quite different, it was shown that the selection of the spectral region has a significant influence on the calibration result in UV-Vis spectro-scopic analysis. MWPLS is superior to IPLS for selecting the spectral region in UV-Vis spectroscopy analysis.
The combination of UV-Vis spectroscopy and MWPLS is an easy-to-use and commendable method for determining the enantiomeric composition of Trp at low concentration levels. The enantiomeric composition of Trp can be accurately determined provided there is 0.01 mmol L -1 Trp in the sample. Although this method was only applied to Trp in the present study, it should be a promising method for other chiral compounds.
